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I. INTRODUCTION
While working on the design of structures, engineers
found that in many cases beams, columns, dams and bridges
vould give away earlier (at smaller loads) than predicted
by the theory of strength of materials. These objects would
"buckle" once a critical load was reached. This idea of
buckling in solids can be carried over to the area of fluid
mechanics, although very little work has been done in terms
of "fluid buckling". It is the experimental investigation
of one type of fluid buckling that is the objective of this
study.
Euler was the first to successfully study buckling
phenomena in solids. In particular, he studied the behavior
of a column under uniaxial load. He found that a simply
supported column would buckle and fail if the applied force
is greater than a certain critical load. Per, where (4)
Per =m^ ^ (1)
Here I
Per = the critical or (buckling) load,
E = modulus of elasticity,
I = area moment of inertia of the column cross section,
L = length of coliunn,
ni — l,2,3,.*«a
For loads larger than or equal to Per, the originally
straight column will suddenly become unstable and buckle
as shown in Figure 1.
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Figure 1. Euler column (4)
Other solid structures will buckle provided the applied
load is above the critical value.
For example, if a simply supported plate is acted on by
a compression force per unit length, N„, as shown in Figure
2, the plate will buckle provided N is larger than a
critical load. Per, which is defined asi
p„-. = El (ISfe +1^)2
where t
a = length of plate,
b = width of plate,
(2)
m,n are integer•numbers representing modes of bucklingj
number of half-waves,
V = poisson ratio,
E = modulus of elasticity,
I = area moment of inertia of the cross-section per
unit width about the buckling axis which is the
y-axis in Figure 2.
• N.
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Figure 2. Simply supported plate uniformly compressed in
the X direction (4)
For a plate of thickness h, I = h /12 per unit width.
In equation 2 the smallest buckling load. Per, corre
sponds to n = 1 (i.e., one-half wave in the y-direction)•
In a more general sense equation 2 can be written as»
M kD" b2
where
D =
El
(l-v2)
(3)
(4)
and 2
k = (^ + n^)2 (5)
mb '
For the smallest buckling load (n = l), the k factor
as defined by equation 5 is drawn in Figure 3. The graph
shows that for a/b <V2 the plate buckles into a single half-
wave and for a/b >4 the factor k tends to a constant value
of 4, (For more detail see 4, p. 252.) Thus, these and other
observations in solid mechanics show that an inherited de
formation or an inhomogeneity or eccentricity of loads in a
structure may provoke and accelerate the failure of the
structure. It can also be deduced that these structures may
fail due to minute disturbances which grow without bound when
such structures are loaded beyond certain critical loads.
These loads under which a small disturbance (or deformation)
can grow without bound, thus exceeding the stiffness of the
structure and causing failure of it, are called buckling
loads (critical loads).
The buckling of materials other than solids (for example
viscoelastic materials and fluids) has not been studied to
any great extent. Biot (2, 3) drew attention to the fact
that plastic deformation in the earth's crust may be explained
by considering the layers as viscoelastic layers where the
buckling is due to gravitational instability with a heavier
material on top of a lighter one.
Figure 4 shpws plastic deformation due to gravitational
\ \
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Figure 3. Buckling stress coefficient, k, for a uniaxially
compressed plate
Figure 4. Plastic deformation in a salt layer due to
gravitational instability (2)
instability wheres
= density of lower layer,
p2 = density of upper layer,
\ = wavelength of deformation,
g = acceleration of gravity.
G» I. Taylor (7) confirmed Biot's (3) assumptions when
he was able to produce buckling in a ^eet of viscous fluid.
The buckling was produced by either pushing together the ends
of a viscous sheet that was floating on a less dense fluid,
or by having a thin viscous layer of fluid floating on the top
of a more dense fluid between two coaxial cylinders with the
inner one rotating. It was observed that under certain condi
tions (i.e., large enough velocity of the ends of the sheet,
or large enough angular velocity of the inner cylinder) the
originally smooth layer of viscous fluid would become unstable
and buckle with waves formed on the surface of the thin
viscous sheet. An analog between the fluid buckling and the
solid buckling described in Figure 2 seems apparent.
In the case of a sheet of incompressible Newtonian fluid
in the absence of gravity, the theoretical buckling condition
given in a paper by Taylor (7) can be written ast
-4 n € h - T > 0 (6)
where as shown in Figure 5
|i = viscosity of the layer,
^ = strain rate in the layer,
h,L = thickness and length of the layer at any time t.
••I
^5
T"
Figure 5a. Viscous layer under iiniaxial stress at time,
t = 0
-4/#« h
Figure 5b, Viscous layer under uniaxial stress after
buckling at a later time
h ,L = thickness and length of layer at t = 0,
o o
T = summation of free surface tension, and
interfacial surface tension, '^ ^.2*
\ = wavelength of perturbation.
In the same paper Taylor (7) states that the wavelength
of the perturbation, X, is given by the relation
^ =2(rr^Th^)"^ (7)
where is the specific weight of the bottom layer fluid.
The other parameters are as previously defined.
Thus, according to this theory the layer will buckle
when the net normal stress (viscous stress - surface tension
stress) is compressive.
In his simple experiment, Taylor managed to show that
buckling occurs when the two terms of equation 6 (viscous
normal stress and surface tension stress) are of the same
order. This simple experiment provided qualitative rather
than quantitative results. In his experiment the flow was
laminar and very slow so that inertia and centrifugal forces
were negligible even when a rotating disc was used.
The study presented in this thesis is an attempt to give
a quantitative insight into fluid buckling.
The flow investigated was that of a thin, very viscous
layer, floating on a more dense, much less viscous layer.
The viscous fluid was contained between a circular disc and
a circular ring attached to the top of a rotating cylinder
as shown schematically in Figure 6,
Under certain conditions the shear flow produced in the
thin, very viscous layer is stable. At higher shear rates
the layer buckles with definite waves formed in the layer.
The wave crests are inclined at about 45° angle relative to
the periphery of the layer (in the direction of maximum com
pression stress) and move in the direction of rotation with a
wave speed different than the fluid speed.
Various parameters of the flow were changed in order to
determine their effect on the buckling. Such parameters in
cluded the thickness, width and viscosity of the viscous
layer, and the specific weight, surface tension and depth of
the lower layer.
The wavelength and frequency of the waves propagating as
a result of buckling were also determined.
•ro
—r,
10
Fixed disc
Viscous layer
b. _ r
i
H Air gap
Bottom Fluid
Rotating
oyxinder
Figure 6. Scliematic of fluid buckling apparatus wherei
h,b = thickness and width of viscous layer,
rj^,r^ = inner and outer radii of layer,
H = height of bottom liquid
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II. MEIHOD OF ANiVLYSIS
A. Theoretical Development
The laminar viscous flow of a thin layer as shown in
Figure 6 is affected by five different forces. These char
acteristic (typical) forces arei
1. The viscous force fu = h u
2
2. The inertia force fi = p h b u
2
3. The gravity force fg = y ^ ^
4» The surface tension force fs = Tb
2 25, The centrifugal force fc=phb u/r
•where u is a characteristic velocity.
In addition to these forces, the flow of the viscous
layer is affected by geometrical parameters such as its
thickness h, breadth b, and the depth of the lower layer# H.
A formal equation governing the flow can be written asi
F(fu,fi,fg,fs,fc,h,b,H) = 0 (8)
This equation has eight variables and two independent dimen
sions! length and force. Using the Buckingham Pi theorem
(6), we can show that equation 8 can be rewritten in terms of
6 nondimensional parameters.
Hence, we can rewrite equation 8 as:
G(fg/fu,fi/fu,fc/fu,fs/fu,h/b,H/b) = 0 (9)
Equation 9 is the formal nondimensional equation that governs
the viscous flow of the viscous fluid layer.
12
B. Model
Figure 7, Cross section in the fluid layer
Figure 7 shows a cross section for layer of viscous fluid
flowing between two concentric circular boundaries of radii
r^ and r^. The layer has thicJcness h and breadth b. The
inner boimdary is a circular disc of thickness h and radius
r^, while the outer boundary is a circular ring fixed to the
top of a rotating cylinder. The ring has an inner radius of
r^. If the gap width is small, the motion of the fluid within
the layer is essentially that of linear shear flow.
The inner disc is kept from moving by the moment devel
oped in a torsional wire carrying the disc assembly, (See
Figure 8 for more detail.)
The outer ring moves steadily by the rotation of the
platform to which the cylinder is fixed. The viscous layer
has a kinematic viscosity, v (stokes), specific weight,
(dyne/cm ), surface tension, T^^ (dyne/cm), and interfacial
surface tension, (dyne/cm). The bottom fluid has specific
weight, (dyne/cm^), and surface tension, T2 (dyne/cm).
For this model, the preliminary experimental results
showed that buckling takes place at very low speeds, where
13
the flow is still laminar. For example, the typical Reynolds
niimber of the flow based on the gap width b = 1.27 cm, r^ =
12.62 cm, w (angular velocity) = 0.55 (rad/sec), v = 100
(stokes)5 gives
- 12,62 X 0.55 X 1.27 _ „Re - y - 100 ~ 0.0Q8
If we apply the low speed assumption and Re < 1 to
equation 9, the second and third terms drop out; that is, the
density of the fluid is not important. Thus, equation 9
can be reduced to
H(fg/fu,fs/fu,h/b,H/b) = 0 (9)
with I
fg/fu = yVt and
fs/fu = T/hx 1
where
X is the shear stress.
In the last term we replaced bottom layer
surface tenstion, This replacement is due to the fact
that for two immiscible liquids, the interfacial surface
tension is given to a good approximation as the difference in
surface tension of the two fluids, ~ '^ 2 ~ '^ 1
Thus:
^1 ^ ^^12 = '^l ^ ^^2 - ^1> = ^2
Thus equation 9 can be written asi
HCx/yb, h/T,h/b,^) = 0 (10)
which can be rearranged as follows1
14
t/VyT = f(Th/T,h/b,H/b) (11)
C, Apparatus and Materials
To study the functional dependence indicated in equation
11, the device shown in the photograph of Figture 9 and
schematically in Figure 8 was constructed. The apparatus,
made of Plexiglas and brass, consists of a stationary disc in
the middle and a concentric circular ring attached to the top
of a rotating circular cylinder.
The disc is attached to a heavy brass cylinder that
passes through an air bearing which centers the disc and
allows the torsion wire to twist without unwanted frictional
torque. The brass cylinder is screwed to the end of a rod
carrying a pointer which measures the twist of the torsion
wire due to viscous shear on disc.
The discs are of three different radiii 10.15 cm,
10,80 cm and 11.40 cm, respectively. The inner radius of the
ring is 12.50 cm which allows us to have gap widths, b, of
2.54 cm, 1.90 cm, and 1.30 cm, respectively.
To isolate the disc from the bottom liquid which fills
the cylinder, the disc is engraved to trap an air bubble.
(See Figure 6.) This bubble reduces the unwanted torque on
the disc due to rotation of the bottom fluid layer. Thus,
only the torque due to the viscous shear layer is measured
by the torsion wire.
The cylinder rotates through its attachment to a platform
ANGLE INDICATOR—
VISCOUS LAYER
HOLDER—#^
STATIONARY
CIRCULAR DISK-
CENTERING
SCREW
15
XL
¥
CENTERING
MECHANISM
HOLDER
TORISONAL
' WIRE
/
//
/
BOTTOM LAYER
I Q ROTATING PLATFORM ^ |
^///////?///////////////////////)%(//////^—FIXED TABLE
\dcadtwc
-DEGREE POINTER
AIR BEARING
ROTATING CIRCULAR RING
CIRCULAR CYLINDER
BEARING
Figure 8. Sketch of buckling apparatus
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Figure 9. Photograph of the apparatus used in studying
viscous buckling
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motorized by a variable speed motor. The platform carries a
set of screws to center the cylinder.
The fluids used in studying the buckling phenomena were
Dow-Corning 200 silicone oils of lOO, 300, and 1000 stokes
viscosities which have densities of 0.975, 0,975, and 0.977
g/cm^* respectively, at 78°f. The surface tension of the oil
is 21.5 dyne/cm. The bottom liquid layer was distilled water
for all the cases investigated with the apparatus. It is
recalled that the kinematic viscosity of water is approxi
mately 0,01 stokes and its surface tension approximately 72.8
dyne/cm.
In order to investigate the effect the bottom layer had
on buckling, different bottom layer fluids were used. The
apparatus for this experiment was the same as shown in Figure
9 except that the radii of the disc and the rotating outer
cylinder, r^ and r^, were smaller (r^^ = 3.7 cm and r^ = 5.0
cm) in order to reduce the amount of bottom fluid needed.
The fluids used included the Meriara manometer fluid of 1.75
specific gravity and surface tension 44 dyne/cm, mercury of
13.6 specific gravity and 476 dyne/cm surface tension, and
distilled water of 1.0 specific gravity and 72.8 dyne/cm
surface tension.
The temperature of the laboratory was kept fixed at about
78°f and experiments were carried out at atmospheric pressure.
18
III. RESULTS AND DISCUSSION
The solution of Navier-Stokes equation for the flui.d
flow between two infinitely long concentric cylinders with
the outer cylinder rotating and the inner one fixed (8) is
given byi
u(r) = 2 (r-r//r) (12)(r„2-r,2)
where*
r = radial coordinate
u(r) = velocity in 0-direction of rotation,
r© = outer radius,
r^^ = inner radius,
(aj = angular velocity of outer cylinder.
We can redefine the parameters in equation 12 asi
r = r^ + 5 0 5 C s 1 ,
b =
Then, we can write equation 12 as:
cor ^
If b/r^ < 1, the velocity profile is approximately equal
to
"(5) =(i-g^/r^) e (14)
Thus the flow between rotating cylinders is nearly
linear shear flow provided the gap width is small compared
to the radius of the cylinders.
19
The shear stress on the fluid layer is given by t*
where
To study the viscous buckling, we chose three different
values for b/r^i 0.11, 0.18 and 0,25, respectively. These
values for b/r^ are small enough to insure that the flow is
approximately linear shear as in equation 14. Thus we expect
that T vs to must be a straight line which passes through the
origin as long as the flow is laminar and below the buckling
point. If the flow reaches buckling, the t vs o) relation will
deviate from a straight line as shown in Figure 10, Figures
11, 12, and 13 show this relation between t as given by
equation 15 and measured by the torsion wire (see discussion
of Texp below). The graphs show the trend as the fluid goes
from the stable condition to the buckling point and then to
the unstable condition.
Buckling
point
Figure 10. Typical buckling curve
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Figure 11. Cliaracteristic shear stress vs experimental shear stress
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Figure 12. Characteristic shear stress vs experimental shear stress
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b « 2.54 cm
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Figure 13. Characteristic shear stress vs experimental shear stress
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In the experiment, the point of buckling can be ob
served by the ensuing of moving waves on the surface of the
fluid layer. For the cases studied (concentric disc and
ring) the waves made a nearly 45° angle with the periphery
(see Figure 14). These waves moved with a speed that was a
function of the layer width and the physical properties of
the viscous fluid. The 45° angle is reasonably expected,
since that direction is the direction of the maximum compres-
sive stress in the layer, where the layer is most likely to
reach buckling criteria first.
In practice, for each test we ran, we drew a relation
between the theoretical shear expected, t, from equation 15
and the actual shear carried by the layer Texp. The theoreti
cal shear is given by t = iitor^/b, while the experimental shear
stress xexp is given byi
Texp = —
2TTr^^
where
k = torsion wire constant (dyne-cm/deg),
0 = angle of twist (deg),
= radius of the disc (cm),
h = thickness of the viscous layer (cm),
Figures 11, 12, and 13 give the relation between t and
Texp for different b/r^ ratios, different h/b ratios and
different fluid viscosities.
The graphs follow the straight line until a shear stress
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2
of about Tc = 1100 dyne/cm is reached. C^c denotes the
critical shear stress needed for buckling.) For larger
shear stresses the lines break, down to irregular curves sig
nifying that the point of buckling has been passed.
In general, if the buckling shear is exceeded, the layer
keeps supporting the buckling shear for higher speeds until
eventually the layer shears apart and collapses.
To study the effect of the bottom layer, a smaller
cylinder and disc were used, for it was impractical to obtain
enough mercury (used as one of the bottom fluids) to fill
the original apparatus. The test results presented in Table
1 show that for the three different bottom layer fluids used
(mercury, water and manometer fluid), the critical shear
stress Tc = ywr^/b is inversely proportional to the square
root of yT, where y is the specific weight of the bottom
fluid and T its surface tension (see Appendix).
From Table 1 we can deduce that = 4.3 ± 0.1. In
this test the ratio of the gap width to the inner cylinder
radius, b/r^^, was 0.34. This ratio is big enough to cause us
to suspect that the basic flow may not be linear shear (narrow
gap limit). Thus is a little larger than it would be
for strictly linear shear flow.
To study the bottom layer height effect, H, on the
buckling condition, tc/^^, another test was conducted with
the same apparatus used to obtain the resiilts of Table 1.
The new results represented in Figure 15 show the relation
26
Table 1. Bottom fluid layer effect on buckling
Bottom
layer Specific T
Tc/VyTfluid gravity h/b (dyne/cm)
Mercury 13.60 0.2 476.0 4.4
Water 0.997 0.1 72.8 4.3
Manometer 1.75 0.2 44.4 4.3
fluid
between tc/VyT and h/b with H/b as a parameter. The test
was carried out with silicone oil of 300 stokes (as the
viscous layer) and distilled water (as the bottom liquid).
The results show that the nondimensional critical shear
stress, tc/7yT, tends to 5 for h/b ratio less than 1/5, For
h/b > 1/5, Tc/V^ grows rapidly with h/b. In fact, the
tc/7yT vs h/b curve can be fitted with a parabola of the
second degree to give
tc/7^ = 28.9(h/b)^ + 7.2(h/b) + 2.1
for h/b > 1/5. This result somehow looks analogous to that
of flat plate where the buckling stress is proportional to
(t/b) (t is the thickness of the plate and b its breadth).
Since for all of our tests with the large apparatus (Figure
9) h/b was less than 0.2, tc/VyT should be independent of
h/b.
It is seen that the depth of the bottom layer is insig
nificant, since all results with different b/k lie on one
uwr
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Figure 15. The relationship between Wy/b^^^T^and h/b for different H/b
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curve. However, the depth of the bottom layer may have an
effect if tiM becomes large enough (perhaps h/^ ^ 1 or so).
In the tests given by Figures 11, 12, and 13, tc/VyT =
4.1 ± 0.4. This is shown in Figure 16. This value agrees,
perhaps coincidentally, with the solid plate limiting case
when k (a nondimensional number as previously defined) tends
to 4.0 as the length to width ratio exceeds 4.0.
It was also noticed that the wavelength, X, of perturba
tions on the surface changed with h/b.
The fluid layer buckles in integer multiples of half
waves of the layer width b, where the wavelength, is
given byi
X — 'Ci/'2. b n — l,2,3,.ii
The number of half waves perpendicular to this periphery was
one-half wave in all these tests. This agrees completely with
the buckling of a thin plate (see Figure 14).
Table 2 gives the wavelengths measured during these tests
and the speed of these waves, V, on the surface. It was
noticed that the relative speed of waves, V/wr^ (relative to
the rim speed) is about 1/2, which is faster than the fluid
particles near the disc edge.
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Figure 16. The relationship between Mwr^/b^y^T^ and h/b at the buckling
poi nt
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Table 2. Buckling wavelength and speed
V b V
(stokes) (cm) h/b \A> f(Hz) (cm/sec) V/a)r^
300 1.91
o
H
•
O
2.0 l.lO 4.18 0.69
300 1.91 0.05 1.0 2.13 4.05 0.67
300 1.91 0.06 0.5 4.20 4.01 0,66
1000 1.91 O.lO 1.0 0.41 0.78 0.47
1000 1.91 0.06 0.7 0.53 0.71 0.43
100 2.54 0.04 0.6
100 2.54 0.11 2.0 2.95
300 2.54 0.07 0.5 2.24 2.9 0.44
1000 2.54 0.05 1.0 1.1 2.79
1000 2.54 0.07 0.7 1.7 2.98
1000 1.27 0.09 1.0
1000 1,27 0.16 2.1
300 2.54 0.04 0.5
100 1.91 0.08 1.4 3.25 8.69 0,53
100 1.91 0.10 1.0 4.5 8.60 0,53
1000 1.27 0.16 3,0
300 1.27 0.13 1.0
300 1.27 0.16 2.5
1000 1.27 0.16 3.8 2.78
1000 1.27 0.09 1.0 4.0 5.08
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IV. CONCLUSIONS
From the experiments, it can be concluded that a viscous
fluid layer exhibits behavior similar to that of a thin plate
Both the viscous layer and the plate will become unstable and
buckle provided some critical load is exceeded.
1. In order to have a thin viscous fluid layer between
rotating cylinders buckle due to its shearing motion, the
nondimensional number, SH, must satisfy the conditioni
SH > 4,1 Here,
iiuSH =
wherei
= viscosity of the viscous layer,
u = velocity of rotating ring,
b = width of the viscous layer,
^2'"^2 ~ weight and surface tension of bottom
liquid (for immiscible liquid), respectively,
2. The critical value of SH is independent of h/b as
long as h/b < 1/5. If h/b > 1/5, the critical value SH is
dependent on h/b. In fact, SH becomes proportional to
o
(h/b) (i.e., follows a parabola in h/b; see Figure 15),
3. For the cases presented in this paper, the
centrifugal and inertia terms were negligible.
4. The shear forces are much larger than the surface
tension forces at buckling (ich-T >0), According to
32
Taylor's result, ^ch-T = 0 at buckling. If Taylor's results
were valid, the critical shear stress at buckling would be
dependent upon h. For thin layers (h/b < 1/5) this was found
not to be true (see Figure 15). It is noted, however, that
Taylor's theoretical result is for a thin viscous layer with
no gravitational forces involved.
5. The layer buckles in integer number of half waves in
the direction of the flow.
33
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VII. APPENDIX
A. Calculation of Torsional Wire Constant
^2
2.125'
Torsion,
Wire
A-Pointier
0.986-
2Ro
The torque constant for
the torsion wire was deter
mined as followsI
A combined system of two
cylinders and a pointer
attached to a torsional
wire were set into free
oscillation. k-2R^—3.91 '^—
The brass cylinders used
to calibrate the wire
From the theory of natural oscillations, the natural
frequency isi
f =
o 211 J
where t
f^ = natural frequency (cycles per second),
K = torsional wire constant (dyne-cm per radian),
J = moment of inertia of the cylinder and the rod.
The total mass of the system is 4.354 kg.
J is calculated (neglecting the pointer) as
J = + 'a
(16)
36
^ ^ M (17)
LiRa^ + 2
where:
nij^ = mass of cylinder,
^2 = mass of rod,
= radius of brass cylinder,
= height of brass cylinder,
R2 = radius of rod
L2 = length of rod
M = total mass of the system, neglecting the effect of
pointer.
J = 95X4.364X10^(2.54)2 2.125x(l/2x3• 9l)^+6x( •986/2
2.125(3.91/2)2+6(,986/2)2
= 46 X 10^ g-cm^
The natural frequency is determined from
(18)
where*
T = the period, which was measured to be 5.75 seconds.
Thus#
K = 46 X 10^ (2Tr/5.75)^
K = 54.936 X 10^ dyne-cxn/rad
The error in determining k can be obtained as follows:
2
, (V 4tt J .
since k - , it can be shown that
T
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(^)^= (•^)^ + (19)
k T
where from equation 17 we can show
(M)2 ^ ^ ^ ^ ^
J ^1 ^2 "l ^2 "
_ /0.Q16.2 ^ ,0.0l6v2 ^ .4x0.016.2 ^ .4x0.016^2 ^
" 4.125^ ^ 6.0 ^ ^ 3.91 ^ ^ ^ 0.986 ^
Thus,
.0.05v2
M364^
(^) = 0.067
Sub. this value into 19 we get
= [(^5°75^)^ + (0.067)2]^
- 0.067
E 6.7%
The torsion wire used was musical (piano) wire of 0.037
inch diameter and 42 inch length.
B. Determination of the Shear at the Disc
(inner radius of the layer)
From static equilibrium considerations, the torque, Tr,
developed by the torsion wire is balanced by the torque pro
duced by the shear at the disc surface.
Tr = k9 = 2TTrj^^ Texp
or
Texp =k9/2'TTr^^
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Thus, the errors in estimating xexp are
AIjS£E. _ r(^)2+ (M)2 (i^)2
exp L 6 1 h ^ J
where h (the thickness of the layer) is measured by dividing
the volume of the layer over the area of the gap.
h = ^
Pe
vhere
= the mass and density of viscous layer,
respectively.
L ^1 ^2
Typical values arei
(^)2 ^ 1^)2 . (0.001,2 .0.05.2 ^ ,0.016>2 ^ ,0.016,2
' 4o ' + ^0.975' + 4.27^ + ^ 5^) + ( 4.5 )
or
{^) = 0.041
Thus,
• (O-O")' - . (0.041)^
• »-oa
= 9.3%
while theoretical is given by
Tth = [iu/b = |iL/bt
where
(I = viscosity of fluid layer
t = time measured for length L
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L = the length of the bump on the outer radius of the
rotating ring. This bump triggered a microswitch
which measured the time elapsed when the bump
passes the microswitch.
Typical error in the measurement of "^th isi
- r /^\2 /A^\2 /^\^-] h
The viscosity was measured by using a calibrated
capillary tube viscometer.
Thus >
ft/
0,5
where
_ 0^
" 1200
t^ is the time of flowing in the viscometer.
Therefore*
ATth _ r .0.5 v2 .0.0l6v2 .0.0l6v2 h
Tth ^^200^ ^12 ^ ^ 0,5 ^ 4o ^
= 0.041
= 4.1%
C. Surface Tension Measurement
A ring tensiometer was used to measure the surface ten
sion of liquid. A direct answer for the facial and inter-
facial surface tension was obtained. It is also deduced
from Davies and Rideal (5) and Murphy (6) that for nonmiscible
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liquid the interfacial surface tension
Ti2 = - T2 for > T2
*^12 = '^2 " "^l "^2 "^1
A typical error in the surface tension is
T "" ^72.8^
= 0.7%
D. Accuracy of tc/VyT
The accuracy in determining the initial buckling parame
ter, SH, is approximated as followsi
ASH
SH TC 2 r
- r/n 93)^ 4. f— \2 /J- 0.005V2"I %+ ^2 72.8^ ^ ^2 1.000^
= .093
4SH _
= 9.3%
SH
